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TITLE OF THE INVENTION 
IMAGE SENSING APPARATUS 

FIELD OF THE INVENTION 
5 The present Invention relates to an Image sensing 

apparatus and, more particularly, to DC recovery 
operation of an Image sensing apparatus In which an 
Image signal output from an Image sensing element 
contains a signal from an effective pixel region and a 
10 signal from a DC recovery reference region. 

BACKGROUND OF THE INVENTION 

Image sensing elements used In an electronic 

still camera and the like are mainly Interline CCDs 
15 (Charge -Coupled Devices). A conventional Image sensing 

apparatus using the Interline CCD Is Illustrated In 

Figs . 7 and 8 . 

The conventional Image sensing apparatus shown In 

Figs. 7 and 8 Includes an Image sensing element 100 
20 which Is formed by an Interline CCD, and an analog 

signal processing circuit 102 which Is connected 

(AC -coupled) to the signal output side of the Image 

sensing element 100 via a capacitor 101. 

As shown In Fig. 7, the Image sensing element 100 
25 Is comprised of a plurality of photodlodes 1 serving as 

photoelectric conversion elements which form a 

plurality of pixels two-dlmenslonally arrayed In the 
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vertical direction (column direction) and horizontal 
direction (row direction) on the CCD image sensing 
plane for receiving incident light that forms an 
optical image of an object to be sensed, and 
5 photoelectrically convert light incident on pixels into 
signal charges corresponding to the intensity of light, 
read gates 2 which read out signal charges stored in 
the photodiodes 1, vertical transfer portions 3 which 
vertically transfer signal charges read out via the 

10 read gates 2, a horizontal transfer portion 4 which 
horizontally transfers signal charges vertically 
transferred from the vertical transfer portions 3, and 
a charge detection portion (output portion) 5 which 
converts signal charges transferred to the horizontal 

15 transfer terminal (output terminal) of the horizontal 
transfer portion 4 into a signal voltage and outputs 
the signal voltage. 

The charge detection portion 5 is formed by, 
e.g., a known floating diffusion amplifier (FDA) 

20 connected to the transfer terminal of the horizontal 
transfer portion 4. The floating diffusion amplifier 
comprises a capacitor 51 which forms a floating 
capacitor for storing signal charges transferred to the 
transfer terminal of the horizontal transfer portion 4, 

25 a reset MOS transistor 52 having a reset pulse (t>R 

application gate electrode for resetting a potential 
determined by signal charges stored in the capacitor 51 
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to a predetermined reference potential for each pixel, 
a reference power supply 53 for a reference potential 
that is connected to the drain of the MOS transistor 
52, and an output amplifier (buffer) 54 which Is formed 
5 by a plurality of source follower circuits using, e.g., 
MOS transistors, converts signal charges stored in the 
capacitor 51 into a signal voltage corresponding to a 
change in potential with respect to the reference 
potential, and outputs the signal voltage. 

10 In the Image sensing element 100 shown in Fig. 7, 

a region except the photodlodes 1 is covered with a 
light -shielding film such as an aluminum film, and 
shielded from light. Also in a region including the 
photodlodes 1, a horizontal optical black region 6 for 

15 obtaining a reference signal for determining the 

optical black (OB) level of an image signal is formed 
in the end region of rows in an effective pixel region 
la for obtaining an object image. In the horizontal OB 
region 6, the entire element surface including the 

20 photodlodes 1 is shielded from light. A signal 

detected by the charge detection portion 5 contains a 
signal photoelectrlcally converted by the photodlode 1 
in the effective pixel region la, and a dark current 
component generated in the photodlode 1 and vertical 

25 transfer portion 3 in the horizontal OB region 6. 

In the image sensing element 100, signal charges 
stored in the photodlodes 1 are read out, in accordance 
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with a signal read pulse superposed on a vertical 
transfer pulse <1>V1, via the read gates 2 below the 
gate electrodes of the vertical transfer portions 3 to 
which the vertical transfer pulse (t>Vl is applied. 
5 Signal charges read out to the vertical transfer 

portions 3 are transferred row by row to the horizontal 
transfer portion 4 every horizontal scanning in 
accordance with vertical transfer pulses 0V1 to (t>V4 of 
four phases. Signal charges of respective rows which 

10 are transferred to the horizontal transfer portion 4 
are sequentially transferred to the charge detection 
portion 5 in accordance with horizontal transfer pulses 
(I>H1 and <^>H2 of two phases. Signal charges are 
converted into a signal voltage by the charge detection 

15 portion 5, and the signal voltage is applied as a CCD 
output signal to the analog signal processing circuit 
102 via the capacitor 101 shown in Fig. 8. 

The analog signal processing circuit 102 
comprises a clamping circuit 103 which performs DC 

20 recovery operation, i.e., OB clamping of recovering the 
DC component of a signal AC-coupled via the capacitor 
101 on the basis of an output signal (OB signal) from 
the horizontal optical black region 6 of the image 
sensing element 100, and a various -processing unit 104 

25 which performs various signal processes such as geunma 
correction for an image signal generated by OB 
clamping. The clamping circuit 103 includes a 
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reference power supply 106 for a reference voltage that 
is connected to the capacitor 101 via a switch 105. 

While the image sensing element 100 outputs an OB 
signal from the horizontal optical black region 6, the 
5 switch 105 is turned on by a clamping pulse <f>OB to 

connect the reference power supply 106 to the capacitor 
101, thereby setting the signal processing circuit side 
of the capacitor 101 to the same voltage as the 
reference voltage. While the dLmage sensing element 100 

10 outputs a photographing signal via the photodiode 1 in 
the effective pixel region la, the switch 105 is turned 
off by the clamping pulse 4>OB to generate an image 
signal for setting the OB signal to a DC-level 
reference (optical black level). OB clamping is 

15 executed for each row. After that, the 

various -processing unit 104 performs various processes 
to obtain a final image signal. 

In the conventional image sensing apparatus 
described above, when the horizontal optical black 

20 region 6 of the image sensing element 100 suffers a 
light shielding error and light shielding is 
insufficient, or when a defect such as scratch exists 
in the photodiode 1 present in the horizontal optical 
black region 6 and a large dark current is generated, a 

25 redundant noise component is added to a signal from the 
horizontal optical black region 6, failing to obtain a 
reference signal of an accurate optical black level. 
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The clamping circuit 103 executes erroneous DC recovery 
operation, resulting In Image degradation such as a 
horizontal streak • 

5 SUMMARY OF THE INVENTION 

The present Invention has been made In 
consideration of the conventional situation, and has as 
Its object to provide an Image sensing apparatus 
capable of recovering an accurate DC level for an 

10 output signal from an Image sensing element, and 

obtaining a high-quality Image free from any Image 
degradation such as a horizontal streak. 

To achieve the above object, according to the 
first aspect of the present Invention, an Image sensing 

15 apparatus using an Image sensing element Is comprising 
a setting device which sets. In one Image signal output 
from the Image sensing element, a signal from a 
predetermined pixel region, a first reference signal 
for DC recovery, and a second reference signal, a first 

20 DC recovery device which DC -recovers the signal from 
the predetermined pixel region for each row on the 
basis of the first reference signal set by the setting 
device, and a second DC recovery device which uniformly 
DC-recovers signals from the predetermined pixel region 

25 on the basis of the second reference signal set by the 
setting device. 

According to the second aspect of the present 
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Invention, an Image sensing apparatus Is comprising a 
photoelectric conversion region which Includes 
two-dlmenslonally arrayed photoelectric conversion 
elements, a first correction device which corrects a 
5 signal from the photoelectric conversion region on the 
basis of a first reference signal common to each line, 
and a second correction device which corrects the 
signal from the photoelectric conversion region on the 
basis of a second reference signal common to signals 

10 from the two-dlmenslonally arrayed photoelectric 

conversion elements, wherein the first reference signal 
Includes a signal free from Influence of a signal 
generated by the photoelectric conversion element, and 
the second reference signal contains a dark current 

15 component generated In the photoelectric conversion 
element • 

Other objects and advantages besides those 
discussed above shall be apparent to those skilled In 
the art from the description of a preferred embodiment 

20 of the Invention which follows. In the description, 

reference Is made to accompanying drawings, which form 
a part hereof, and which Illustrate an example of the 
Invention. Such example, however. Is not exhaustive of 
the various embodiments of the Invention, and therefore 

25 reference Is made to the claims which follow the 

description for determining the scope of the Invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 Is a view showing the arrangement of an 
Image sensing element In an Image sensing apparatus 
according to the first embodiment of the present 
5 Invention; 

Fig. 2 Is a diagram showing the arrangement of a 
signal processing circuit In the Image sensing 
apparatus according to the first embodiment of the 
present Invention; 

9 

10 Fig. 3 Is a diagram showing the arrangement of a 

signal processing circuit In an Image sensing apparatus 
according to the second embodiment of the present 
Invention; 

Fig. 4 Is a view showing the arrangement of an 
15 Image sensing element In an Image sensing apparatus 
according to the first modification of the present 
Invention; 

Fig. 5 Is a view showing the arrangement of an 
Image sensing element In an Image sensing apparatus 
20 according to the second modification of the present 
Invention; 

Fig. 6 Is a view showing the arrangement of an 
Image sensing element In an Image sensing apparatus 
according to the third modification of the present 
25 Invention; 

Fig. 7 Is a view showing the arrangement of an 
Image sensing element In a conventional Image sensing 
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apparatus ; and 

Fig. 8 Is a diagram showing the arrangement of a 
signal processing circuit In the conventional Image 
sensing apparatus • 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An Image sensing apparatus according to preferred 
embodiments of the present Invention will be described 
below with reference to the accompanying drawings. 

10 [First Embodiment] 

Figs. 1 and 2 are views for explaining an Image 
sensing apparatus according to the first embodiment of 
the present Invention. The Image sensing apparatus 
according to the first embodiment Includes an Image 

15 sensing element 100 which Is formed by an Interline 
CCD, as shown In Fig. 1, an analog signal processing 
circuit 102 which Is AC-coupled to the CCD output side 
of the Image sensing element 100 via a capacitor 101, 
as shown In Fig. 2, and performs signal processing 

20 Including clamping on the first stage (to be referred 
to as "first clamping" hereinafter) out of two- stage 
clamping of recovering a DC component from a CCD output 
signal output from the Image sensing element 100, and a 
digital signal processing circuit which Is connected to 

25 the analog signal processing circuit 102 via an A/D 

converter 201 and performs signal processing Including 
clamping on the second stage (to be referred to as 
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"second clamping" hereinafter) for the digital signal 
of an Image signal having undergone various analog 
signal processes after the first clamping. 

As shown In Fig. 1, the Image sensing element 100 
5 Is comprised of photodlodes 1 serving as photoelectric 
conversion elements which form a plurality of pixels 
two-dlmensionally arrayed at a predetermined pitch In 
the vertical direction (column direction) and 
horizontal direction (row direction) on the Image 

10 sensing plane for receiving Incident light that forms 

an optical Image of an object to be sensed, and convert 
Incident light Into signal charges for each pixel, read 
gates 2 which read out signal charges stored In the 
photodlodes 1, vertical transfer portions 3 which 

15 vertically transfer signal charges read out via the 
read gates 2, a horizontal transfer portion 4 which 
horizontally transfers vertically transferred signal 
charges, and a charge detection portion 5 which Is 
connected to the transfer terminal of the horizontal 

20 transfer portion 4. 

The charge detection portion 5 Is formed by, 
e.g., a known floating diffusion amplifier connected to 
the transfer terminal of the horizontal transfer 
portion 4. The floating diffusion amplifier comprises 

25 a capacitor 51 which forms a floating capacitor for 
storing signal charges transferred to the transfer 
terminal of the horizontal transfer portion 4 , a reset 
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MOS transistor 52 having a reset pulse (^>R application 
gate electrode for resetting a potential determined by 
signal charges stored In the capacitor 51 to a 
predetermined reference potential for each pixel, a 
5 reference power supply 53 for a reference potential 
that Is connected to the drain of the MOS transistor 
52, and an output amplifier (buffer) 54 which is formed 
by a plurality of source follower circuits using, e.g., 
MOS transistors, converts signal charges stored in the 

10 capacitor 51 into a signal voltage corresponding to a 
change in potential with respect to the reference 
potential, and outputs the signal voltage. 

At the charge detection portion 5, a pulse <t>R ±s 
applied to the reset gate of the MOS transistor 52 at a 

15 predetermined timing to reset the floating diffusion 
amplifier every time a signal of one pixel is output. 
A signal voltage corresponding to signal charges is 
output for each pixel. 

An effective pixel region (predetermined pixel 

20 region in the present invention) la for obtaining an 
object image is set on the image sensing element 100 
shown in Fig. 1. As a reference region for obtaining 
the first reference signal of the present invention in 
an output signal, a horizontal reference signal region 

25 7 in which only the vertical transfer portions 3 exist 
without any photodlode 1 is set in an end region of the 
effective pixel region la in the horizontal direction. 
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Also, as a reference region for obtaining the second 
reference signal of the present Invention In an output 
signal, a vertical optical black region 8 In which some 
photodlodes 1 are shielded from light and only a dark 
5 current component Is output Is set In an end region of 
the effective pixel region la that is adjacent to the 
horizontal transfer portion 4 in the vertical 
direction . 

In the image sensing element 100, signal charges 

10 stored in the photodlodes 1 are read out, in accordance 
with a signal read pulse superposed on a vertical 
transfer pulse (f>Vl, via the read gates 2 below the 
gate electrodes of the vertical transfer portions 3 to 
which the vertical transfer pulse <f)Vl is applied. 

15 Signal charges read out to the vertical transfer 

portions 3 are transferred row by row to the horizontal 
transfer portion 4 every horizontal scanning in 
accordance with vertical transfer pulses <f>Vl to (t>VA of 
four phases . Signal charges of respective rows which 

20 are transferred to the horizontal transfer portion 4 
are sequentially transferred to the charge detection 
portion 5 in accordance with horizontal transfer pulses 
cf>Hl and ^H2 of two phases. Signal charges are 
converted into a signal voltage of each pixel by the 

25 charge detection portion 5. The CCD output signal, 
i.e., a signal Including a signal from the effective 
pixel region la, a signal (horizontal reference signal 
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serving as the first reference signal of the present 
Invention) from the horizontal reference region 7, and 
a signal (OB signal serving as the second reference 
signal of the present Invention) from the vertical 
5 optical black region 8 Is output from the Image sensing 
element 100 to the analog signal processing circuit 102 
via the capacitor 101, as shown In Fig. 2. 

As shown In Fig. 2, the analog signal processing 
circuit 102 comprises a clamping circuit (to be 

10 referred to as a "first clamping circuit" hereinafter) 
103 serving as a first correction device having the 
same DC recovery function as the conventional one shown 
In Fig. 8, and a various -processing unit 104. The 
first clamping circuit 103 performs the first clamping 

15 as DC recovery operation to recover the DC component of 
a signal. The various -processing unit 104 then 
performs various analog signal processes such as gain 
correction to output the analog Image signal to the 
digital signal processing circuit via the A/D converter 

20 201. 

As shown In Fig. 2, the digital signal processing 
circuit comprises, as a clamping circuit (to be 
referred to as a "second clamping circuit" hereinafter) 
200 serving as a second correction device having a DC 
25 recovery function of performing the second clamping for 
an analog Image signal Input from the analog signal 
processing circuit 102 via the A/D converter 201, a 
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memozy 202 and switch 203 which are parallel -connected 
to the output side of the A/D converter 201, an 
averaging circuit 204 which Is connected to the A/D 
converter 201 via the switch 203, a subtracter 205 
5 which Is connected to the output sides of the memory 
202 and averaging circuit 204, and an adder 206 which 
Is connected to the output side of the subtracter 205. 
The output side of the adder 206 Is connected to a 
processor (not shown) which performs various digital 
10 signal processes. 

Two- stage clamping operation (DC recovery 
operation) of recovering the DC component of a CCD 
output signal In the first embodiment will be 
explained • 

15 The first clamping circuit 103 has the same 

arrangement and operation as those of the conventional 
clamping circuit 103 shown In Fig. 8. The first 
clamping circuit 103 Is different from the conventional 
one In that not an OB signal from the horizontal 

20 optical black region 6 (see Fig. 8) but a horizontal 

reference signal from the horizontal reference region 7 
Is used as a clamping reference signal. In the first 
clcunplng circuit 103, while the Image sensing element 
100 outputs a horizontal reference signal obtained by 

25 the horizontal reference region 7, the switch 105 (see 
Fig. 8) Is turned on by a clamping pulse (f>OB. 
Accordingly, the DC component of an Image signal from 
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the effective pixel region la Is recovered for each row 
on the basis of the horizontal reference signal from 
the horizontal reference region 7 . 

The image signal having undergone the first 
5 clamping is subjected to various analog signal 

processes by the various -processing unit 104, and 
converted into a digital signal by the A/D converter 
201. The digital signal is input to the second 
clamping circuit 200 of the digital signal processing 

10 circuit, and the image signal from the effective pixel 
region la is stored in the memory 202. 

In the second clamping circuit 200, while a 
signal from the vertical optical black region 8 is 
output, the switch 203 is turned on to input an OB 

15 signal from the vertical optical black region 8 to the 
averaging circuit 204. The averaging circuit 204 
calculates the average value of OB signals. The 
calculated average value is input to the subtracter 
205, and subtracted from an image signal output from 

20 the memory 202. The image signal from which the 

average value of OB signals is subtracted is input to 
the adder 206 where a predetermined offset value is 
added to the image signal. The resultant image signal 
undergoes subsequent signal processing. As a result, 

25 the DC components of image signals from the effective 
pixel region la are uniformly recovered for the entire 
frcune on the basis of the average value of OB signals 
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The first embodiment adopts a two-stage DC 
recovery circuit which recovers the DC component of a 
CCD output signal. When the optical black region of 
5 the image sensing element suffers a light shielding 
error and light shielding is insufficient, or when a 
defect such as scratch exists in the photodiode present 
in the optical black region and a large dark current is 
generated, a redundant noise component may be added to 

10 a signal from the optical black region. Even in this 

case, DC recovery of an image signal of each row by the 
first clamping operation is done on the basis of a 
signal from the horizontal reference region which does 
not include any photodiode. After that, uniform DC 

15 recovery of image signals of the entire frame by the 
second clamping operation is done on the basis of the 
average value of signals from the optical black region 
which includes photodiodes. Hence, any image 
degradation such as a horizontal streak can be reliably 

20 avoided without performing erroneous DC recovery 
operation by the clamping circuit. 
[Second Embodiment] 

Fig. 3 shows the arrangement of a DC recovery 
circuit in an image sensing apparatus according to the 

25 second embodiment of the present invention. In the 
second embodiment, an image sensing element 100 and 
first clamping circuit 103 are identical to those in 
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the first embodiment, a description thereof will be 
omitted, and only the difference will be explained. In 
the second embodiment, the lowest value among average 
values obtained by dividing a vertical optical black 
5 region 8 Into a plurality of regions and calculating 
the average value of signals from the vertical optical 
black region 8 for each divided region is used as the 
average value of signals from the vertical optical 
black region 8 that Is to be subtracted from an Image 

10 signal stored In a memory 202 in a second clamping 

circuit 200 serving as a second correction device for 
the second DC recovery. 

As this circuit arrangement, the image sensing 
apparatus shown in Fig. 3 comprises a plurality of 

15 (three in this example) switches 207, 208, and 209, a 

plurality of (three in this example) averaging circuits 
204 which are connected to these switches, and a 
lowest-value calculation unit 210 which is connected to 
the averaging circuits 204, instead of the switch 203 

20 and averaging circuit 204 in the arrangement of the 
second clamping circuit 200 described above. 

In this arrangement, an image signal having 
undergone the first clamping by the first clamping 
circuit 103 is converted into a digital signal by an 

25 A/D converter 201, input to the second clamping circuit 
200, and stored in the memory 202. In the second 
clamping circuit 200 shown in Fig. 3, while signals 
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from predetermined regions of the vertical optical 
black region 8 are output, the switches 207, 208, and 
209 are turned on, and vertical optical black signals 
from these regions are Input to the three Independent 
5 averaging circuits 204. 

The averaging circuits 204 calculate the average 
values of signals from corresponding regions of the 
vertical optical black region 8. The three calculated 
average values are input to the lowest -value 

10 calculation unit 210, and the lowest value among the 
three average output values is selected and output. 
The obtained lowest value is input to a subtracter 205, 
and subtracted from an image signal output from the 
memory 202. The image signal from which the lowest 

15 value among the average values of divided regions of 
the vertical optical black region 8 is subtracted is 
input to an adder 206 where a predetermined offset 
value is added. The resultant image signal undergoes 
subsequent signal processing. 

20 According to the second embodiment, the vertical 

optical black region is divided into a plurality of 
regions to calculate average values, and the second 
clamping is executed using the lowest value. In 
addition to the same effects as those of the first 

25 embodiment, even if the vertical optical black signal 
is shaded by a dark current component, clamping as DC 
recovery operation can be achieved without any pepper 

- 18 - 



CFM03282/P203-0422 

noise. 

In the second embodiment, calculation Is done by 
dividing the vertical optical black region Into three 
regions, but the number of regions Is not limited to 
5 three. Divided regions may overlap each other. 

In the first and second embodiments, the 
averaging circuit 204 calculates the average value of 
the vertical optical black region 8. However, the 
averaging circuit 204 Is not limited to the average 

10 value, and may calculate a median or mode. 

Other arrangement examples (to be referred to as 
the first to third modifications hereinafter) of the 
Image sensing element described In the embodiments of 
the present Invention will be explained with reference 

15 to Figs. 4 to 6. 

Fig. 4 shows an Image sensing apparatus according 
to the first modification. In Fig. 4, reference 
numeral 6 denotes a horizontal optical black region 
(region for obtaining the second reference signal of 

20 the present Invention) Identical to the conventional 
one on the Image sensing element 100; and 7, a 
horizontal reference region (region for obtaining the 
first reference signal of the present Invention) 
Identical to that of the first embodiment on the Image 

25 sensing element 100. The arrangement of the first 
modification Is the same as those of the first and 
second embodiments In that the first clamping Is 
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performed for each row by the first clamping circuit 
using an output signal from the horizontal reference 
region 7. However, the arrangement of the first 
modification Is different In that the second clamping 
5 by the second clcunplng circuit Is uniformly performed 
for the entire frame by using a signal not from the 
vertical optical black region 8 (see Fig. 1) but from 
the horizontal optical black region 6. The first 
modification can also attain the same effects as those 

10 of the first and second embodiments. 

Fig. 5 shows an Image sensing apparatus according 
to the second modification. In Fig. 5, reference 
numeral 6 denotes a horizontal optical black region 
(region for obtaining the second reference signal of 

15 the present Invention) Identical to the conventional 
one on the Image sensing element 100; and 9, a 
horizontal dummy region (region for obtaining the first 
reference signal of the present Invention) on the Image 
sensing element 100. The horizontal dummy region 9 is 

20 set at the horizontal transfer portion 4 to which no 
vertical transfer portion 3 is connected. 

The arrangement of the second modification is 
different from those of the first and second 
embodiments and first modification in that the first 

25 clamping by the first clamping circuit is performed for 
each row by using an output signal from the horizontal 
dummy region 9. The arrangement of the second 
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modification Is the same as that of the first 
modification In that the second clamping by the second 
clamping circuit Is uniformly performed for the entire 
frame by using a signal from the horizontal optical 
5 black region 6. 

The second modification can also obtain the same 
effects as those of the first and second embodiments. 
As an additional effect, the Image sensing element can 
be downsized because no horizontal reference region 

10 need be set on an Image sensing element for obtaining 
the second reference signal for DC recovery. 

Fig. 6 shows an Image sensing apparatus according 
to the third modification. In Fig. 6, reference 
numeral 6 denotes a horizontal optical black region 

15 (region for obtaining the second reference signal of 
the present Invention) Identical to the conventional 
one on the Image sensing element 100; 10, a reference 
voltage source for a reference voltage (first reference 
signal of the present Invention); and 11, a switch. 

20 The switch 11 Is so controlled as to be connected 

normally to the output side of the charge detection 
portion 5 and to the reference voltage source 10 for a 
predetermined period for each row. This allows 
outputtlng the reference voltage for each row to a 

25 signal output from the Image sensing element 100. 

The arrangement of the third modification Is 
different from those of the first and second 
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embodiments and first and second modifications In that 
the first clamping by the first clamping circuit Is 
performed for each row by using a signal to which the 
reference voltage Is output from the reference voltage 
5 source 10. The arrangement of the third modification 
Is the same as those of the first and second 
modifications In that the second clamping Is uniformly 
performed for the entire frame by the second clamping 
circuit using a signal from the horizontal optical 

10 black region 6 . 

The third modification can also obtain the same 
effects as those of the first and second embodiments. 
As an additional effect , the Image sensing element can 
be downsized because no horizontal reference region or 

15 horizontal dummy region need be set on an Image sensing 
element for obtaining the first reference signal for DC 
recovery. 

The Image sensing apparatuses according to the 
first and second embodiments and first to third 

20 modifications adopt an Interline CCD as an Image 

sensing element. However, the present Invention Is not 
always limited to this, and can be applied to a CCD 
transfer Image sensing element such as a freune transfer 
CCD or an X-Y address Image sensing element such as a 

25 CMOS sensor as far as the arrangement can obtain an 
Image signal for outputtlng for each row the first 
reference signal which does not Influence the 
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performance of the photodlode and outputtlng the second 
reference signal which outputs a dark current component 
generated In the photodlode. 

In the Image sensing apparatuses according to the 
5 first and second embodiments and first to third 
modifications, the first clamping as DC recovery 
operation of an Image signal Is done using an analog 
signal, and the second clemiplng Is done using a digital 
signal* The present Invention Is not limited to this, 

10 and the two clamping operations may be executed using 
either an analog or digital signal. 

As has been described above, according to the 
above embodiments, accurate DC recovery operation can 
be performed for an output signal from the Image 

15 sensing element, obtaining a high-quality Image free 

from any Image degradation such as a horizontal streedc. 

The present Invention Is not limited to the above 
embodiments and various changes and modifications can 
be made within the spirit and scope of the present 

20 invention. Therefore, to apprise the public of the 

scope of the present Invention the following claims are 
made. 
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